Abstract: The current paper presents four lichen associations, including rare and endangered lichen species found in Lithuanian oak-woods. The structure of communities on the oak, characteristic of these localities, and geographical and sociological evaluation of communities are presented. Main reasons causing the extinction of rare species in the communities are mentioned as well.
Introduction
In Lithuania, sociology of epiphytes is a new field of studies, which allows to understand more thoroughly lichen species distribution patterns on phorophytes, species composition of epiphytic communities in the country and their dependence upon various ecological factors. Sociological research of epiphytic lichens was started in 1999 in nine oak-woods of various age in different parts of Lithuania. Up to the present moment, 19 epiphytic lichen associations belonging to 7 classes have been described in the investigated forests (Prigodina 2004; Prigodina & Naujalis 2006) . Most of the communities are found very frequently and include common species. Rare and endangered lichen species, however, have been recorded in about a quarter of the described communities.
Material and methods
Studies of epiphytes and their communities on oaks were performed in 1999 -2003 in oak woods situated in different parts of Lithuania. Research was performed in 79 plots, where epiphytes of 524 oak trunks were studied. Studies in each forest were carried out on 100 m 2 plots. All oaks growing in the plot were analysed. All forests were split into two groups: 1) half-life and maturing oak woods (age of prevailing trees ranged from 50 to 120 years); 2) old oak woods (age of prevailing trees ranged from 120 to 400 years). Epiphytic communities on oak trunks were described on 4 dm 2 relevés. For the purpose of the description, each relevé was covered by transparent plastic frames graded into 4 cm 2 areas. Participation of epiphytic species was evaluated visually according to the Braun-Blanquet scale modified by Wirth (1972) . The following variables were recorded during the field studies: 1) overall area occupied by epiphytic communities (dm 2 ); 2) community exposition on a tree trunk; 3) trunk dimensions (m) in the points of relevé; 4) bark roughness (cm). Sterile crustose lichens were identified using the method of thin layer chromatography (TLC) in the Department of Plants Taxonomy of Gdansk University (Poland). Nomenclature of lichen species follows mainly Santesson et al. (2004) , nomenclature of mosses follows Jukonienė (2003) . Syntaxonomy of communities follows Wirth (1995) .
Results and discussion
During the investigation of lichen communities on oak it has been established that four rare lichen associations are growing on oak stems in Lithuanian oak-woods.
Ass. Chaenothecopsidetum rubescentis Prigodina 2007
Faithful species: Chaenothecopsis rubescens Vain. Companion species: Arthonia byssacea (Weigel) Almq., Lepraria incana (L.) Ach., Ramalina baltica Lettau, Reichlingia leopoldii Diederich & Scheidegerr. Characteristic of localities in Lithuania: The association Chaenothecopsidetum rubescentis has been recorded inĄžuolija oak-wood (eastern part of Lithuania, Utena district, N55
• 28 E25
• 35 ) ( Fig. 1 ) on trunks of common oak thriving on the slope of the right bank of a small rivulet. In these forest areas, tree layers are clearly distinguished, formed of Quercus robur L., Tilia corda Mill. and Ulmus laevis Pall. The coverage of tree layer reaches 80-90%, the understory is indistinct.
Eight phytocoenological relevés of Chaenothecopsidetum rubescentis association fromĄžuolija oakwood were used. Description of association: The association is determined based on the dominance of calicioid lichen species Chaenothecopsis rubescens. This species is distributed throughout the temperate zone but is very c 2009 Institute of Botany, Slovak Academy of Sciences Fig. 1 . Localities of the studied oak-woods (1 -Juodkrantė; 2 -Liepija; 3 -Gustonys; 4 -Ąžuolija; 5 -Ginučiai; 6 -Dūkštos; 7 -Varnikai; 8 -Gojus).
rare in the whole distribution range (Tibell 1999) . In Lithuania, this species was first recorded in 2002 (Motiejūnaitė & Prigodina Lukošienė 2002) inĄžuolija forest, where it forms continuous homogeneous clusters on some trunks of common oak. In the association Chaenothecopsidetum rubescentis, five species common to the Chrysotrichetea candelaris Wirth 1980 class have been recorded. Arthonia byssacea, Lepraria incana and Reichlingia leopoldii being the most frequent. Green alga Trentepohlia umbrina (Kützing) Bornet is characterised by high constancy in the association. It can be explained by the fact that species of the Trentepohlia genus are biological components of the lichens Chaenothecopsis rubescens and Reichlingia leopoldii. The species Ramalina baltica, included in the Red Data Book of Lithuania (Rašomavičius 2007) , is also frequently recorded in the communities. In total, 12 epiphytic species are registered in the association. The total projection coverage of the species in the communities varies from 90 to 95%. The communities have been recorded only in bark crevices and splits of 1.8-2.4 cm width on mature tree trunks, usually on the western and northern expositions of tree trunks. The area covered by the Chaenothecopsidetum rubescentis on common oak varies from 25 to 63 dm 2 . Preference of the species of this association for various ecological factors shows that the association is formed of lichen species which could be characterised as rather acidophilous and sciophilous, anombrophilous and anitrophilous, and favouring good and very good humidity regime. Geographical and ecological evaluation: According to species preference for various ecological factors, indices of biological spectrum, and habitat characteristics, the association Chaenothecopsidetum rubescentis is close to the associations of the Calicion viridis alliance of the Chrysotrichetea candelaris class.
Ass. Arthonietum pruinatae Almb. 1948 Faithful species: Arthonia byssacea, A. arthonioides (Ach.) A. L. Sm., Bactrospora dryina (Ach.) A. Massal. Companion species: Lecanora expallens Ach., Lepraria elobata Tųnsberg, Lepraria incana, Reichlingia leopoldii. Characteristic of localities in Lithuania: The association has only been recorded in Dūkštos (eastern part of Lithuania, Neries Regional Park, Vilniaus district, N54
• 50 E24
• 58 ) and Gustonys (eastern part of Lithuania, Panevėžys district, N55
• 45 E24
• 09 ) ( Fig. 1 ) oakwoods on mature trunks of common oak with diameter varying from 1.3 to 4.1 m. In Gustonys and Dūkštos forests areas, the tree layers are clearly distinguished, formed of Quercus robur and Betula pendula Roth. The coverage of the tree layer reaches 100%.
Thirteen phytocoenological relevés of Arthonietum pruinatae association from Dūkštos oak-wood and six from Gustonys oak-wood were used. Description of association: The association is determined according to the dominance of endosubstratic lichen species Arthonia byssacea, A. arthonioides and Bactrospora dryina. All these lichens grow only on trunks of mature oak trees. Continental species Arthonia byssacea is the most common for the association; it provides the clusters with light white colour. A little less common are rare in Lithuania species Bactrospora dryina and Arthonia arthonioides. Lecanora expallens and Lepraria incana, which are characteristic of the Leprarion incanae Almb. 1948 alliance, are commonly registered in the communities, while in Gustonys oak-wood -Reichlingia leopoldii. Lichens Arthonia vinosa Leight. and Opegrapha cf. sorediifera P. James, which are rare for Lithuania, have also been recorded in this association in Dūkštos oak-wood.
In total 12 lichen species have been recorded in the association, 10 of them are common for the class Chrysotrichetea candelaris. Projection coverage of the lichen species in the communities varies from 65 to 100% (84-85% on average). The communities have been recorded on all parts of tree trunks, but they were more frequent on the western exposition of the trunks. The communities usually thrive on the base parts of trunks, not higher than 0.7 m. The area occupied by the communities is the smallest in comparison to other communities, covering an area of 8 to 21 dm 2 . The character of the preference of the association forming species for various ecological factors shows that the prevalent lichen species in the Arthonietum pruinatae association could be characterized as acidophilous and sciophilous, anombrophilous and anitrophilous, adapted to good humidity regime. Geographical and ecological evaluation: In Western Europe, the Arthonietum pruinatae association is characterized by temperate, oceanic lichen species Arthonia pruinata (Pers.) A. L. Sm. and Lecanactis amylacea (Ehrh ex Pers.) Arnold (Barkman 1958; James et al. 1977) . In Central Europe, the mentioned species are very rare in the communities and are substituted by a continental species Arthonia byssacea (Wilmanns 1962; Ritschel 1977) . In various regions of Europe, the communities were registered on mature Quercus trunks, in shady, humid forests. Characteristic species of this association are the indicators of non-eutrophied, climax forests. Increasing degree of eutrophication is the main reason for the extinction of the communities of this alliance (Wirth 1995) .
The features of the distribution of Arthonia pruinata, A. byssacea and Lecanactis amylacea in Europe (Purvis et al. 1992; Santesson et al. 2004; Wirth 1995; Cieslinski 2003) show that the main distribution range of the association is situated in the Atlantic region of Western Europe, whereas Lithuania is at the eastern border of the distribution range. In Lithuania, like in the whole Europe, these communities are not frequent because they include such rare and oak-specific lichen species as Bactrospora dryina, Arthonia arthonioides, A. vinosa and Opegrapha sorediifera.
Ass. Pertusarietum hemisphaericae Almb. 1948 ex Klem. 1955 Faithful species: Pertusaria coccodes (Ach.) Nyl., P. flavida (DC.) J. R. Laundon, P. hemisphaerica (Flörke) Erichsen, P. pertusa (Weigel) Tuck. Companion species: Pertusaria amara (Ach.) Nyl., Phlyctis argena (Spreng.) Flot. Characteristic of localities in Lithuania: The association has been recorded in Juodkrantė (western part of Lithuania, Kuršių Nerijos National Park, Klaipėda district, N55
• 33 E21
• 07 ), Dūkštos (eastern part of Lithuania, Neries Regional Park, Vilniaus district, N54
• 58 ), Gojus (eastern part of Lithuania, Nemuno kilpų Regional Park, Prienai district, N54
• 34 E24
• 16 ), Gustonys (eastern part of Lithuania, Panevėžys district, N55
• 09 ) andĄžuolija (eastern part of Lithuania, Utena district, N55
• 35 ) (Fig. 1) . Common oaks hosting these communities inĄžuolija, Dūkštos, Gojus and Gustoniai oakwoods grow at the edges of forest glades, in Juodkrantė -in an open Griekynė forest where the understory is very sparse and the projection coverage of the tree layer is only 40-50%.
Eight phytocoenological relevés of Pertusarietum hemisphaericae association from oak-woods were used. Description of association: The association is determined by the prevalence of sub-oceanic species Pertusaria coccodes, P. hemisphaerica, P. pertusa and sub-oceanic-thermophilic species P. flavida. Due to uneven geographical distribution and different ecological requirements, the physiognomy of the communities in oak-woods of eastern and western Lithuania is not identical (high precipitation in Lithuania reaching 800-900 mm annually in the western part of the country, and 650-700 mm annually in the eastern part of the country (Bukantis 1994) ). In eastern Lithuania the Pertusarietum hemisphaericae is characterised by only one species -Pertusaria flavida -responsible for 50-60% of the species projection coverage. This is the indicator lichen species of mature woods. Besides this species, Phlyctis argena, characteristic of the class Arthonio-Lecidelletea elaeochromae Drehwald 1993, also commonly occurs. In Juodkrantė oak-wood, situated in western Lithuania, Pertusaria flavida and Phlyctis argena have not been recorded in the Pertusarietum hemisphaericae association. In these communities, sub-oceanic Pertusaria coccodes, P. hemisphaerica and P. pertusa lichens prevail. In oak-woods of both western and eastern Lithuania, Pertusaria amara, Evernia prunastri (L.) Ach., Hypogymnia physodes (L.) Nyl. and Parmelia sulcata Taylor are frequent but not abundant. The Pertusarietum hemisphaericae has been determined solely on the southern exposition of mature common oak tree trunks; only inĄžuolija forest it has been recorded on the eastern exposition of the trunks. The communities occupy an area of 16.5 dm 2 of the oak trunks on average. The character of the preference of the community forming species for various ecological factors shows that the Pertusarietum hemisphaericae association is formed of acidophilous, moderately or rather photophilous and hygrophilous, rather well ombrophilous, anitrophilous lichen species. Geographical and ecological evaluation: Descriptions of the Pertusarietum hemispharicae association in lichenosociological works are very scarce. Barkman (1958) and James et al. (1997) treat the association Pertusarietum hemisphaericae as a synonym of the Pertusarietum amarae Hil. 1925 association; however, they admit geographical heterogenicity of the species composition of the association in different regions of Europe. Barkman (1958) presents several variants of the Pertusarietum amarae association. One of them is montane, not containing the species Phlyctis argena, which is the characteristic species of the class Arthonio-Lecidelletea elaeochromae. Communities of this variant thrive under conditions of high precipitation; such lichen species as Pertusaria pertusa and P. coccodes prevail. The second variant of the association is South Atlantic with prevailing species Pertusaria flavida, Phlyctis argena and P. agelaea (Ach.) Flot. In the third, boreo-atlantic variant of the association, lichen species Pertusaria amara, P. albescens (Huds) M. Choisy, Lepraria incana and Lecanora expallens prevail. In comparison with the data provided by Barkman (1958) , the Pertusarietum hemisphaericae communities determined during our studies in Juodkrantė forest correspond to the first variant, and those recorded in eastern Lithuania -to the second variant. Other authors (Ritschel 1977; Hofmann 1993; Berger & Türk 1995; Globner & Türk 2001) distinguish the association Pertusarietum amarae from the association Pertusarietum hemisphaericae because species of the latter association prefer higher precipitation amounts and better light regime; although the researchers admit that criteria for the separation of both communities are not quite clear. The abovementioned authors ascribe the first and second variants of Pertusarietum amarae, proposed by Barkman (1958) , to the Pertusarietum hemisphaericae association. Only Ritschel (1977) indicates sorediate continental lichen Pertusaria flavida as characteristic species in the Pertusarietum hemisphaericae association. Other mentioned authors do not mention this lichen species in their works. Comparison of our data on species com-position of the association Pertusarietum hemisphaericae with the literature references allows a conclusion that in Europe, the communities are mostly registered on mature oaks, less frequently on beech trunks. Most of them establish on the southern exposition of tree trunks. The Pertusarietum hemisphaericae communities on common oak in Lithuanian woods are characterized by almost the same lichen species as in other regions of Europe, except for Pertusaria coronata (Ach.) Th. Fr., which has not been recorded in Lithuania.
In Lithuania, the community forming lichen species of the Pertusarietum hemisphaericae association, i.e. Pertusaria flavida, P. hemisphaerica, P. pertusa, are rare, threatened, included into the Red Data Book of Lithuania (Rašomavičius 2007) , therefore communities with these species should also be rare in the country. It could be stated that two variants of the Pertusarietum hemisphaericae association are present in Lithuania: the first one is sub-oceanic typical and the second one is sub-oceanic with thermophilous lichen species Pertusaria flavida. Undoubtedly, additional investigations on both variants of this association are required.
Ass. Lobarietum pulmonariae Hil. 1925 Faithful species: Lobaria pulmonaria (L.) Hoffm., Peltigera praetextata (Flörke ex Sommerf.) Zopf, P. horizontalis (Huds.) Baumg. Companion species: Hypnum cupressiforme Hedw., Platygyrium repens (Brid.) Schimp. Characteristic of localities in Lithuania: The association has been recorded inĄžuolija (eastern part of Lithuania, Utena district, N55
• 35 ), Ginučiai (Aukštaitijos National Park, Ignalina district, N55
• 22 E26
• 00 ), Varnikai (Trakai National Park, Vilnius district, N54
• 38 E24
• 58 ), Dūkštos (eastern part of Lithuania, Neries Regional Park, Vilniaus district, N54
• 58 ) and Liepija (western part of Lithuania, (Žemaitija National Park, Plungė district, N56
• 02 E21
• 46 ) oak-woods (Fig. 1) . In oak-woods of Lithuania, communities of the Lobarietum pulmonariae association thrive in shaded sites where relatively high humidity regime persists due to proximity of inland water bodies (lakes, bogs).
Sixteen phytocoenological relevés of Lobarietum pulmonariae association from oak-woods were used. Description of association: The Lobarietum pulmonariae association in oak-woods of Lithuania is determined by the presence of macroscopic lichen species Peltigera praetextata, P. horizontalis and Lobaria pulmonaria having particularly large thalli. Most frequently, only one of these species is recorded in the communities, and they rarely grow all together. During our research, only two communities of the Lobarietum pulmonariae with species of two genera (Peltigera and Lobaria) growing together were determined in Varnikai oak-wood. Usually, the communities forming on common oak in Lithuania are dominated by lichen species Peltigera praetextata, very frequent in this country. Communities dominated by red-listed lichen species Peltigera horizontalis and Lobaria pulmonaria are rare in oak-woods of Lithuania. Apart from macroscopic lichen species, such powdery species as Bacidina arnoldiana (Körb.) V. Wirth & Vezda, B. brandii Coppins & van den Boom, Lepraria incana and L. elobata are also recorded in the communities. The Lobarietum pulmonariae association is characterised by rather constant participation of bryophytes. In total, 22 bryophyte species have been recorded in the communities. Most frequently mosses Hypnum cupressiforme, Pylaisia polyantha (Schreb.) Bruch et Schimp. and Platygyrium repens are encountered in the communities. On an average, communities of the Lobarietum pulmonariae are formed of 5 epiphytic lichen species; the area covered by the communities on trunk of a common oak varies from 80 to 100%.
The Lobarietum pulmonariae association with rare lichen species Lobaria pulmonaria and Peltigera horizontalis has only been registered on trunks of mature oak-trees at a height of 0.7-2.0 m. Communities with P. praetextata have been recorded on oaks of different age, but usually on the basal part of the tree trunks, at a height of 0.2-0.5 m.
Generally, the communities of the Lobarietum pulmonariae form on various expositions of tree trunks, but most frequently they occur on the western exposition of trunks. The area covered by the communities on the tree trunks varies from 10 to 40 dm 2 .
Ecological analysis (Prigodina 2004) shows that the Lobarietum pulmonariae association on common oak is formed of rather sciophilous, extrahydrophilous, acidophilous, and well ombrophilous epiphytic lichen species. Geographical and ecological evaluation: The Lobarietum pulmonariae association has been recorded in Germany (Ritschel 1977; Hofmann 1993) , Holland (Barkman 1958), Great Britain (James et al. 1977; Rose 1988) , Austria (Neuwirth & Türk 1993; Berger & Türk 1995; Globner & Türk 2001) , and Ukraine (Kondratyuk et al. 1998) . In Europe, the communities with Lobaria pulmonaria are typical for the Lobarietum pulmonariae association; the sociological evaluation of communities dominated by species of the Peltigera genus is much more complicated. Therefore some authors (Neuwirth & Türk 1993; Berger & Türk 1995) distinguish the subassociation peltigerosum, others (Hofmann 1993) consider it as a variant of the Lobarietum pulmonariae association; Globner & Türk (2001) even distinguish a separate community Peltigeretum praetextatae identified according to Peltigera species. In mountains of Europe, the Lobarietum pulmonariae association is distinguished by rare lichen species of the Nephroma Ach., Menegazzia A. Massal., Sticta (Schreb.) Ach. and Pseudocypellaria Vain. genera; however, in plains, the number of characteristic lichen species decreases, and only Lobaria and Peltigera species remain (Barkman 1958) . This is also the situation in Lithuania. At the end of the 19 th century, communities of the Lobarietum pulmonariae could have been more species rich because ombrophilic Lobaria scrobiculata (Scop.) DC., constant in this association, was thriving in the communities.
Currently the species is extinct in Lithuania (Köhler 1995) . All communities with rare species have been described in old mature forests, probably of high biodiversity values. These forests are still little influenced by human activities. Unfortunately, the areas of mature forests in Lithuania are fast declining. In most cases, the reason for this is forest management policy. At the moment, only 9% of all forests are mature and only 1.8 % of all the forests are oak-woods.
Conservation of rare lichens and their communities is possible only through conservation of their habitats. Rare lichen species and rare epiphyte communities have been recorded in territories with different status of nature conservation. Mature forests with rich and valuable lichenobiota are still illegally cut down, often even in protected areas. Another major problem in mature forests is the overgrowth of shrubs and spruces, which causes not only shadowing, but also damages oaks (especially spruce growth).
The main principle of the strategy of conservation of rare epiphytic species and communities with such species is the preservation of oak-woods as specific natural systems and further investigations on epiphytes. One of the main factors for the occurrence of such species in forests is high humidity regime. Therefore, one of the main conditions for the survival of such rare species is the sustainment of a suitable water regime in forests. For this reason, drying trees or wood debris should not be removed from oak-woods because they are frequently overgrown with moss and serve as natural biological reservoirs for water accumulation. Economic activities and sanitary cutting in mature forests should be restricted. The tree trunks in thinned areas get dry, and it leads to the extinction of wet site lichens and communities with such species. Immediate proximity of clear-cut areas, especially at southern exposition, is a threat to the majority of wet habitats. In forest plots, rich in rare and indicatory species of mature old-growth forests, protection belts with restricted economic activities are essential.
